The objective of this experiment was to determine the ruminal degradability of starch using the in vitro method. Maize silages from whole plants (MS), maize cob silage prepared by ensiling of the cobs with bracts (MCS), and maize grain silages (MGS) were compared with maize grain (MG). The tested feeds diff ered in total starch contents. Averaged starch contents with standard deviation values were 343.3 ± 18.7 g / kg for MS; 522.0 ± 8.9 g / kg for MCS; 727.9 ± 16.9 g / kg for MGS; and 682.8 ± 22.6 g / kg dry matter for MG. The in vitro ruminal degradability of starch was determined by the feed incubation period -for 2, 4, 6, 16 and 24 hours. The higher degradation was observed at the 4-h of incubation for maize silage from whole plants (46.6 ± 4.9 %), maize cob silage (41.2 ± 1.6 %) and maize grain silage (39.7 ± 1.4 %) as compared to maize grain (32.0 ± 1.0 %). Enhanced values of the in vitro ruminal degradability of starch continued to increase until the 24-h of incubation, when the diff erences between silages and maize grain were balanced. A signifi cant diff erence of the curves of degradability profi le was found between silages and maize grain (P < 0.0001) but was not signifi cant between MS, MCS and MGS. maize silage, maize grain, starch; ruminal degradability, in vitro method Starch is the primary energy component of cereal grains, that is the basic nutrient in diets used to promote high levels of production. The effi cient utilization of grain by ruminants is a result of ruminal starch digestion (Ørskov, 1986). Cereal grains contain a relatively high amount of starch, with the highest percentage in maize grain. Maize starch has specifi c characteristics that are not known in other grains. Diff erences in the chemical and physical structure of starch granules determine the quali ty of starch in feed and its availability and digestibility. The most important site of maize grain starch digestion is the rumen where 50-95 % of starch is degraded. Studies comparing the ruminal starch degradability of diff erent feeds (Nocek and Tamminga, 1991; Off ner et al., 2003) confi rmed that with regard to the degradation of starch, maize grain is a highly concentrated feed with a high content of lower degradable starch in the rumen (Philippeau et al., 1999) . A lower degradability of starch in the rumen increases the amount of it which has to be digested in the small intestine (Nocek and Tamminga, 1991) . For this reason maize with its high nutritional value and slow degradability of starch in the rumen is ideal for the feeding of high-yielding dairy cows. Feed rations composed of silage on maize basis are important sources of energy noted for their medium degradability in the rumen.
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Various in vivo (Jensen et al., 2005) , in situ (MichaletDoreau et al., 1997) procedures, and in vitro laboratory techniques (Wester et al., 1992; Huhtanen and Sveinbjornsson, 2006) were used to predict the ruminal degradability and digestibility of starch. The eff ect of ensiling process, hybrid and maturity on ruminal starch degradability was quantifi ed in in sacco and in vitro experiments (Philippeau and Michalet-Doreau, 1998; Verbic at al., 1995; Dado and Beek, 1998) .
The objective of our study was to determine the ruminal starch degradability of diff erent silages on maize basis and maize grains using the in vitro method. The starch degradability of selected feeds was assessed in fi ve time intervals.
MATERIAL AND METHODS

Animals and diet
Two non-lactating cows (Black Pied) fi tted with large ruminal cannulas were used for our ex peri ments as donors of ruminal fl uid for the in vitro method. The diets consisted of lucerne hay (4 kg), maize silage (10 kg) and ground barley (1 kg) with a mixture of vitamins and minerals. The diet was administered in two equal rations daily.
Feeds
The values of the in vitro ruminal degradability of starch were determined in 3 maize silage samples from whole plants (MS), 3 samples of maize silage prepared by cobs ensilage with bracts (MCS), 3 samples of maize grain silage (MGS), and 3 samples of ground maize grain (MG).
Analytical methods
The total starch content in the samples was estimated by total of α-linked glucosides, using the method described by MacRae and Armstrong (1968) and modifi ed by Wester et al., (1992) . Dry feed samples were milled through a 1 mm screen. Each feed was subject to triple analysis. The glucose was assayed enzymatically using the Bio-la-test, GLU GOD 250, (Lachema, Brno, Czech Republic). The starch content was calculated as 90 % of the total glucose content and recalculated per sample of dry matter.
Chemical composition of feeds was analysed according to AOAC (2005) .
In vitro ruminal degradability of starch (IVRDS)
The degradable starch content was determined through incubation of the samples in an incubation solution (buff er mixed with ruminal fl uid) for 2, 4, 6, 16 and 24 hours. The buff er was prepared as described by Goering and Van Soest (1970) . Ruminal fl uid was taken from two cannulated cows, mixed, fi ltered, tempered to 39 °C and saturated with CO 2 . Each feed was subject to triple analysis. Dry feed samples were milled through a 1 mm screen. The trial included a blank for each time interval, a glucose standard and a standard sample for elimination of the variability of ruminal fl uid. A more detailed method of determining the IVRDS of feeds was described earlier (Tománková and Homolka, 2004) .
Statistical analyses
Data analysis was performed using the nonlinear model with mixed eff ects, procedure of SAS (2001 The hypothesis about parameters were tested by the likelihood ratio test.
RESULTS AND DISCUSSION
The chemical composition of analyzed feeds and some chemical characteristics of the quality of the fermentation process in silage are given in Tab. I.
The silages diff er as to the amount of starch (maize silage from whole plants: 343.3 ± 18.7 g / kg; maize cob silage: 522.0 ± 8.9 g / kg; maize grain silage: 727.9 ± 16.9 g / kg dry matter). Averaged starch content with standard deviation was 682.8 ± 22.6 g / kg for maize grain. The starch content of maize silages is a direct function of plant maturity and the proportion of grains in the whole plant (Huntington, 1997) . Determination of starch content in tested feeds is presented in Fig. 1 .
The results show that the highest content of starch was found in MGS which contains the highest amount of maize grains. On the other hand, the lowest content of starch was found in silage prepared from whole plants of maize. Mahanna (1994) reported that an increase in the percentage of grain in the silage increased the starch content of maize silage.
Results of in vitro starch degradability are presented in Tab. II. The values of starch degradability for MS, MCS, MGS and MG measured a er 2 hours of incubation in our in vitro experiments were comparable with results obtained by Doležal and Dvořáček (2000) by in sacco method. The in sacco and in vitro data gave the same ranking of the grains in terms of starch degradability (Herrera-Saldana et al., 1990) . This indicates that in vitro data can represent starch degradability as it occurs in the rumen.
The increase of values IVRDS of silages started earlier than in the maize grain. The higher degradation was observed at the 4-h of incubation for maize silage from whole plants, maize cob silage and maize grain silage (Tab. II) as compared to maize grain where values ranging from 31.1 to 33.4 % were found.
The lower values of starch degradation a er a 6-h incubation period were found in maize grain (40.6-44.8 %) when compared to the IVRDS values of silages (Tab. II). Dado and Beek (1998) found the IVRDS value for a 6-h incubation time in maize grain 39.1 %, which corresponds to above-mentioned value. Contrary to our results, Doležal MS -maize silage from whole plant, MCS -maize cob silage, MGS -maize grain silage, MGmaize grain MS -maize silage from whole plants, MCS -maize silage prepared by ensiling cobs, MGS -maize grain silage, MG -maize grain, a -b curves of degradability profi le in columns with diff erent letters diff er signifi cantly (P < 0.0001) (2000), using the in sacco method, found lower values of degraded starch in the maize silages a er 8 hours of incubation in the rumen (54 % for MCS and 48 % for MGS). In our in vitro experiments, higher values of degraded starch in silages were found even a er the 6-h of incubation (63.4-68.6 % for MCS and 66.6-70.8 % for MGS). Degradability of ruminal starch can be infl uenced by a method of feed processing and type of diet. The advantages of in vitro method include higher reproducibility in comparison with other methods and quick and inexpensive determination of starch degradability. On the other hand, the in vitro methods do not provide absolute values which are obtained on experimental animals because the kinetic properties intrinsic to the starch are not measuring accurately (Mills, 1999) . From this point of view, they are more suitable for measuring the relative diff erences among the feeds.
1: Total starch content of MS, MCS, MGS and MG in dry matter
II: In vitro degradability of starch (%) in 2, 4, 6, 16 and 24 h incubation of silages (MS, MCS, MGS) and maize grain (MG)
Small diff erences in IVRDS values were observed among the MS, MCS and MGS except for MG a er the 16-h of incubation (Tab. II). We have found the IVRDS values ranging from 81.8 to 85.5 % for maize grain. Dado and Beek (1998) observed the IVRDS value 89.2 % even a er a 12-h incubation period. The authors also pointed out the importance of sample preparation and the size of grain particles for the resulting value of ruminal starch de gra da bili ty. Maize starch tends to be more slowly degraded within the rumen than other cereals, and it also bene fi ts to a greater extent from physical and chemical processing techniques designed to increase ruminal and total-tract starch digestion (Mills et al., 1999) .
In the case of 24-h of incubation only minimal diff erences in IVRDS values were found among all the feeds, including MG.
Lower values of starch degradability in maize grain in all assayed time intervals support the previous fi ndings that ensiling of maize grain increased starch degradation in the rumen. These results correspond to data published by Doležal and Zeman (2005) .
The comparison of curves of the de gra da bi li ty profi le of maize silages and maize grain showed that degradability of starch was signifi cantly higher between silages and maize grain (P < 0.0001). There where no signifi cant diff erences for silages among themselves.
From the obtained results is possible conclude that curves of degradability profi le of tested silages was nearly identical (Fig. 2) . However, the total content of starch in silage is an important factor in measuring the consequent extent of starch utilization a er rumen degradation. These increases of IVRDS were found for silages measured between 4 and 24 hours of incubation intervals. On the contrary of these fi ndings the MG had slower IVRDS. A er 24 hour of incubation interval the diff erences between silages and MG were minimal.
Simple and rapid determination of the starch degradation in laboratory by in vitro method becomes useful for practical evaluation of nutritive value and quality of feeds.
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SUMMARY
The objective of this experiment was to determine the in vitro ruminal degradability of starch (IVRDS) in the set of maize silages. The set included three types of maize silages made from (1) whole plants (MS), (2) maize cobs together with bracts (MCS), and (3) maize grain (MGS). These maize silages were compared with non-ensiled maize grain (MG). The total starch content was estimated by total of α-linked glucosides. The glucose was assayed enzymatically using the Bio-la-test, GLU GOD 250. The starch content was calculated as 90 % of the total glucose. High contents of starch were found in MG (682.8 g / kg dry matter (±22.6 s.d)) and for silages in MGS (727.9 g / kg dry matter (±16.9 s.d.)) and MCS (522.0 g / kg dry matter (±8.9 s.d.)). The IVRDS was calculated as a reciprocal value of sample residuum obtained a er 2, 4, 6, 16 and 24 hours of incubation intervals. The IVRDS values measured a er 2 hours of incubation were 17.2 ± 4.7 % and 17.2 ± 3.0 % for silages and MG, respectively. A er 4 hours of incubation, the IVRDS values of silages were 42.5 ± 4.2 % while MG showed a slower degradation (32.0 ± 1.0 %) of starch, which continued even at 16 hours of incubation (84.2 ± 1.7 %) compared to the maize silages (95.8 ± 1.6 %). After 24 hours of incubation only small IVRDS diff erences between silages (98.7 ± 1.0 %) and MG (97.4 ± 0.5 %) were observed. It is possible to conclude that the ensiling of MG increased the rate of the IVRDS. The increased IVRDS were found in the silages measured a er 4 to 24 hours of incubation. Contrary of these fi ndings, MG exhibited a lower rate of the IVRDS. A er 24 hour of incubation, the diff erences between silages and MG were minimal. The in vitro estimated degradability of starch diff ered signifi cantly (P < 0.0001) between the analysed silages and maize grain. No signifi cant diff erences (P > 0.05) were, however, detected between the different types of silages.
SOUHRN
Porovnání bachorové degradovatelnosti škrobu kukuřičného zrna a kukuřičných siláží in vitro metodou
Cílem práce bylo metodou in vitro stanovit bachorovou degradovatelnost škrobu (IVRDS) u souboru kukuřičných siláží. Soubor zahrnoval tři druhy kukuřičné siláže: (1) siláž z celých rostlin (MS), (2) siláž z kukuřičných palic s listeny (MCS) a (3) siláž kukuřičného zrna (MGS) v porovnání s nesilážovaným kukuřičným zrnem (MG). Obsah škrobu byl stanoven pomocí Bio-la-testu, GLU GOD 250 a vypočten jako 90 % z celkové glukózy. Vysoký obsah škrobu byl kromě MG (682,8 g / kg sušiny (±22,6 s.d.)) u siláží MGS (727,9 g / kg sušiny (±16,9 s.d)) a MCS (522,0 g / kg sušiny (±8,9 s.d.)). Degradovatelnost škrobu v bachoru (IVRDS) byla vypočítána z hodnot ve zbytcích krmiv (jako reciproká hodnota) po 2, 4, 6, 16 a 24hodinové inkubaci vzorku. Hodnoty IVRDS se pohybují v rozmezí 17,2 ± 4,7 % u siláží po 2 hodinách inkubace. U kukuřičného zrna byla stanovena průměrná hodnota 17,2 ± 3,0 %. V případě 4hodinové inkubace jsou průměrné hodnoty IVRDS se směrodatnou odchylkou u všech siláží 42,5 ± 4,2 % a zrno kukuřice začíná vykazovat zpomalování degradovatelnosti škro-bu (32,0 ± 1,0 %), které pokračuje i při 16hodinové inkubaci (84,2 ± 1,7 %) oproti hodnotám IVRDS u siláží (95,8 ± 1,6 %). Po 24hodinové inkubaci jsou rozdíly hodnot IVRDS mezi silážemi (98,7 ± 1,0 %) a zrnem kukuřice (97,4 ± 0,5 %) minimální. Závěrem lze říci, že silážováním kukuřice se urychluje degradovatelnost škrobu v bachoru. Na rozdíl od kukuřičného zrna hodnoty IVRDS u siláží začínají stoupat již po 4hodinové inkubaci. Po 24 hodinovém inkubačním intervalu se rozdíly mezi kukuřičnými silážemi a kukuřičným zrnem vyrovnáva-jí. Průkazné rozdíly v degradovavatelnosti škrobu jsou mezi testovanými silážemi a kukuřičným zrnem (P < 0,0001) ale mezi silážemi navzájem nebyly zjištěny průkazné rozdíly (P > 0,05).
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